In this study, performance and carcass characteristics of slow-growing broiler chicks, reared in organic or conventional systems, and fed a diet with an essential oil mixture (EOM, 48 mg/kg diet), were evaluated in the autumn and spring seasons. The rearing system affected several performance indices, including body weight, feed intake and feed conversion ratio (FCR), but not mortality, within a high statistical significance at 42 and 81 days of age. However, this was observed only from 1 to 42 days in the spring trial. Dietary administration with EOM worsened the FCR at 42 and at 81 days of age in the autumn trial, but not in spring. Organically reared slow-growing chickens consumed less feed mixture per unit of body weight gain, but attained a higher final weight compared with those kept indoors. However, the effect was more pronounced in autumn, which displayed cooler temperatures and robust plant cover availability (i.e. lucerne and trifolium). The carcass yield and cut-up carcass yield were not affected by the rearing system, but EOM diet supplementation increased breast yield only in the spring. The results suggest that autumn conditions promote efficient organic chicken production in the subtropical climatic zone. The amount of herbage consumed represented up to 10% and 3% of the birds' daily protein and ether extract requirements, respectively. Supplementing the diet with a mixture of plant essential oils did not support the hypothesis that phytogenic compounds may favourably affect gut function and poultry performance.
Introduction
Contemporary commercial broiler hybrids attain a market weight within 40 days with an enormous feed conversion efficiency and the display of high edible cut yields. However, fast-growing modern lines have led to welfare concerns, especially because of the rise of metabolic disorders (Owens et al., 2006) . Selection for fast growth and high yield may also have affected the sensory and functional qualities of the meat (Dransfield & Sosnicki, 1999) . Therefore, consumers have become increasingly interested in products derived from free-range and organic production. Slow-growing broiler chicks have been used extensively for this purpose with great success. Slow-growing genotypes are more mobile and possess a greater pasture attitude and higher resistance to the poorer conditions of the organic system than the faster-growing hybrids (Castellini et al., 2002a) . Slow-growing chicken genotypes require a longer fattening period and are well adapted to outdoor farming conditions (Fanatico et al., 2005) . One of the most successful specialty poultry production systems in Europe is the French Label Rouge programme, which requires an outdoor area (Mikulski et al., 2011) .
Recently, more studies have begun to compare organic, free-range and conventional broiler meat quality (Castellini et al., 2002b; Owens et al., 2006; Husak et al., 2008) . However, relatively few have assessed the growth performance or meat yield of slow-growing broiler genotypes grown with or without outdoor access (Fanatico et al., 2005; Owens et al., 2006; Wang et al., 2009; Mikulski et al., 2011) .
Essential oils (EOs), also known as volatile or ethereal oils, are aromatic oily liquids obtained from plant materials (flowers, buds, seeds, leaves, twigs, bark, herbs, wood, fruits or roots). Essential oils contain complex mixtures of secondary plant metabolites, consisting of low-boiling phenylpropenes and terpenes, and are extracted with various distillation methods, such as steam (Williams & Rosa, 2001; Greathead, 2003) . Essential oils are an alternative dietary supplement that was proposed after antibiotic growth promoters (AGPs) had been removed from poultry diets in the European Union (EU) (Greathead, 2003; Wallace et al., 2010) . Essential oils have been documented to possess various biological activities, such as antimicrobial (Cowan, 1999) , antioxidant (Basmacıoğlu et al., 2004) , antifungal (Shin & Lim, 2004) and coccidiostatic (Bozkurt et al., 2012b) , and to stimulate digestive enzyme activity (Jamroz et al., 2005) . Indeed, a series of scientific reports and field trials have demonstrated that the addition of EOs, individually or in combination, promotes zootechnical performance, including bodyweight gain, feed efficiency and viability (Williams & Rosa, 2001; Alçiçek et al., 2004; Bozkurt et al., 2009 ) of fast-growing broilers. However, only one previous report (Waldenstedt, 2003) has discussed the addition EO of oregano to the diet of the chicks fattened for 55 days. The results indicated that vaccination against coccidiosis in combination with an in-feed proprietary product (Orego-Stim) containing oregano oil may be an alternative control method for intestinal health in organically reared chickens. However, there is a paucity of evidence that demonstrates a seasonal effect on the productivity of organic broiler production.
The purpose of the present study was therefore to evaluate the performance and carcass characteristics of slow-growing broiler chicks reared in organic or conventional systems in the autumn and spring seasons. Additionally, we aimed to investigate the efficacy of an EO blend that was screened for its ability to enhance growth performance under these seasonal and rearing systems.
For this purpose, performance indices and the carcass characteristics of chicks were assessed under two seasonal conditions, namely in autumn and spring.
Materials and Methods
Two trials were conducted in autumn (1 October to 20 December) and spring (12 April to 3 July) at the Poultry Research Institute, Aydın, Turkey, which is situated between 36º and 38º northern latitude and between 26º and 28º eastern longitude, 60 m above sea level. The same experimental protocols were followed in the two trials, which lasted for 12 weeks. The effects of the rearing system and essential oil mixture (EOM) supplementation on slow-growing broiler performance and carcass characteristics were assessed. The autumn experiment exhibited an average daily mean temperature of 14 ºC (mean of the highest temperature was 23 ºC, and the lowest was 5 ºC) and six days of rain. The spring experiments exhibited an average daily mean temperature of 25 ºC (mean of the highest temperature was 33 ºC, and the lowest was 18 ºC) and six days of rain. The distance between the organic and conventional rearing units was 50 metres.
A total of 1600 one-day-old mixed-sex Hubbard Red-JA broiler chicks were used in this study. This certified slow-growing breed can adapt to a free-range environment and was produced by crossing slowgrowing JA-57 females with fast-growing M 99 males. Eight hundred broiler chicks in each trial (i.e. autumn or spring) were randomly assigned to four groups, each comprising four identical subgroups (50 chicks per replicate). Thus, each trial was arranged in a 2 x 2 factorial design with two rearing systems (organic and conventional) and two feed additive programmes (with or without EOM).
Four hundred organically reared one-day-old broiler chickens were randomly allotted by body weight to two treatments with four replicates each. One of the four replicates was fed a basal diet, while the remaining birds were fed a diet supplemented with EOM. Each replicate was housed in a 10 m 2 enclosed floor pen (all-litter) shelter and provided with a 200 m 2 outdoor area (paddock) (4 m 2 per bird in the paddock). The organic rearing unit was established on 1680 m 2 , which comprised eight adjacent parcels, which each occupied 210 m 2 . The pens at the parcel centre were composed of insulated aluminium panels on an iron frame, and windows were placed on one side of the house to allow daylight to enter. These indoor pens measured 3.30 m x 3.05 m (5 birds/m 2 ) and were equipped with two circular hanging feeders (5 cm feeder space/bird), a bell drinker, and a three-tier perch (15 cm/bird). Pine wood shavings were spread at 6 cm depth throughout the concentrate floor. Each pen contained a thermostatically controlled electric brooder, which was used to provide additional heat during brooding. Two bell drinkers and two perches were available throughout the paddock. The ambient temperature was maintained at 33 ± 1 ºC for the first three days and gradually decreased over three weeks to acclimatize chicks to the outdoors.
Organically reared broiler chicks housed in their acclimatized shelters were permitted outdoor access only after 21 days. The total outdoor period lasted 60 days, during which the broilers reached an age of 81 days. The birds could access the outdoors from their indoor pens through two pop holes measuring 50 x 50 cm. They were open during daylight hours, ensuring free access to the outdoor approximately 14 h daily (between 7:00 and 21:00). Then, birds were confined to indoor pens at night. Artificial light was provided continuously at night only for the first three days to adapt birds to the environment. From day 4, the photoperiod was limited to natural daylight, which was approximately 14 h light/day. This precise lighting programme was also applied in the conventional rearing system. Ground and overhead predators were excluded with net fencing and netting over the paddock.
The natural grassland was completely covered with a lucern (Medicago sativa) and trifolium (Trifolium repens) mixture, which was available for consumption in the paddock after three weeks (i.e. 22 to 81 days of age). Birds foraged uniformly over the paddocks and grazed the herbage completely until slaughter age. Therefore, we assumed that herbage intake equalled the herbage present on that particular area at the start of the experiment. The grassland of each paddock was irrigated regularly by spraying semi-weekly; approximating 50 litres of underground water per m 2 outdoor area after the birds were confined to their shelters at night. To estimate the intake of grazed herbage, the sward-cutting technique described by Lantinga et al. (2004) was applied. Using a metallic frame (0.50 m x 0.50 m) with a fixed cutting height of 2 cm, herbage samples were collected before the outdoor period (at d 21) in each of the eight paddocks and analysed separately. In both seasons, one herbage sample was obtained per paddock. Because herbage was not available in the paddocks when the experiment ended (d 81), subsequent measurements were not obtained. The samples were dried for 72 h at 70 ºC to determine the dry matter (DM) content. The Kjeldahl method was used to determine the nitrogen (N) content of the samples. Ether extract (EE) was determined with soxhlet (AOAC, 1995) .
In the conventional rearing system, birds were placed in a naturally ventilated broiler house with adjustable windows. The birds were raised in pens with a concrete floor and litter material consisted of pine wood shavings. Four hundred one-day-old broilers were randomly allocated by body weight to two groups, which were then sub-divided into four replicates of 50 birds each and kept in four pens (1.40 x 3.00 m). The birds were housed at a density of 12 chicks per square metre. Birds in four of the eight replicate pens were fed a basal diet, while the remaining animals were fed a diet with EOM. Each pen was equipped with two hanging feeders (5 cm feeder space per bird) and one bell drinker. Each pen contained a thermostatically controlled electric brooder, which was used to provide additional heat during brooding. The ambient temperature was maintained initially at 33 ± 1 ºC for the first three days and was gradually decreased over three weeks to acclimatize chicks to natural environmental conditions.
All of the chicks were vaccinated against infectious bursal disease (D-78, Nobilis) and Newcastle disease (Hitchner B1, Intervet; LaSota, Intervet) on days 10, 16 and 28 via drinking water. Vaccination against coccidiosis was performed with one-day-old chicks via oral administration using a commercial vaccine (Livacox Q, Biopharm).
Mashed diets and water were provided ad libitum. Experimental feed mixtures in the organic and conventional systems were prepared with maize, wheat, soybean meal and sunflower meal. Similar ingredients were used when formulating diets to avoid ingredient composition discrepancies. As established by EC Regulation 1804/99, at least 80% of the DM content of organic feed mixture was acquired from organically grown ingredients. Soybean meal (genetically modified organism (GMO)-free sources) was the only conventional feed ingredient included in the organic feed mixture at a level of 25%. Lucerne meal, consisting of dried whole plants, which were grown organically, was added to the organic feed as a roughage source. The diets in mash form were prepared every two weeks and were stored in sacks in a cool place. The chemical composition of the ingredients and feed mixtures were analysed according to the AOAC (1995), and the metabolic energy was calculated according to Anonymous (1991) .
The ingredients and nutritional composition of the starter and grower diets are presented in Tables 1  and 2 , respectively. Isoenergetic and isonitrogenous diets were employed. Birds in the control group (CNT) were given untreated basal starter and grower diets from 0 to 28 days and 29 to 81 days, respectively. The remaining experimental diet was based on the basal diet and was supplemented with EOM. The diets did not contain an AGP, coccidiostats or other performance enhancer. The EOM was composed of six essential oils, viz. oregano oil (Origanum sp.), laurel leaf oil (Laurus nobilis), sage leaf oil (Salvia triloba), myrtle leaf oil (Myrtus communis), fennel oil (Foeniculum vulgare) and citrus peel oil (Citrus sp.), which were provided by Herba (Herba Co. Ltd., İzmir, Turkey). The major EOM components were carvacrol, 1-8-cineole and thymol. They comprised 58.6%, 14.3% and 5.0% of the mixture, respectively. Thus, each kg feed supplemented with EOM provided 28.8 mg carvacrol as the main plant bioactive. An essential oil premix used 952 g zeolite as a carrier for 48 g essential oil. This premix was added to the basal diet in 1000 g/ton levels. Thus, 48 mg EOM were added to each kg of feed for the EOM treatment group. The EOM premix supplementation to diet was made at the expense of sawdust. The EOM preparation was added to an equal amount of sawdust, homogenized by mixer, and then the pre-mixture was added to the main mixture.
The EOM composition was analysed with the GC/MS system (HP 6890GC/5973 MSD, Agilent Technologies Canada Inc., Mississauga, ON, Canada). The EOM was distilled from the ground feed samples using the Clevenger distillation apparatus in accordance with United States Pharmacopeia (USP) methods and USP 23 NF18 (1995) . First, the EOM was obtained by distilling 100 g ground feed samples in water for two hours using the Clevenger apparatus. The oil was then diluted with n-hexane (1 : 100) and injected into the GC/MS (HP 6890GC/5973 MSD) system with the following conditions: injection temperature: 250 ºC; injection split: 1/100; column: DB-17 30 m, 0.25 μm, 0.32 mm (Agilent); initial oven temperature: 70 ºC, at a rate of 8 ºC/min; final oven temperature: 200 ºC; injection vol.: 1 μL. Broiler growth was evaluated by recording body weight, feed intake, feed conversion ratio (FCR) and mortality. The broiler body weights were measured individually on days 1, 42 and 81. The mean initial chick weight was 43.9 ± 0.4 g and 42.0 ± 0.3 g in the autumn and spring trials, respectively. Feed intake per pen was recorded on days 42 and 81. On the same days, the FCR was calculated as the amount of feed consumed per unit of body weight gain, adjusting for weight at hatch and bird mortality. Mortality was recorded daily as a percentage of mortal birds.
Broilers of both rearing systems were all slaughtered at 81 days of age. To determine the carcass yield and relative weight of the carcass cuts, six birds (3 male, 3 female) representing the average weight of the group (± 4%) were selected from each replicate pen (12 female and 12 male birds per each group). Then, 96 sampled birds were slaughtered by severing the jugular vein in the experimental processing unit of the institute eight hours after the feed withdrawal. The chicks were electrically stunned (40 V; 50 Hz) before killing. Next, the carcasses were immersed into hot water (60 ºC for 62 s), plucked and manually eviscerated. Then, the whole carcass was weighed and cut into parts. The breast (including pectoralis major and pectoralis minor), leg meat (including thigh and drumstick), wings and back were weighed. The percentage weight of the eviscerated carcasses was calculated as the ratio between the eviscerated carcass and live bodyweight. The percentages of breast, leg, wing and back were calculated in relation to the eviscerated carcass weight.
The numbers of birds observed outside were recorded three times (at 10:00, 13:00 and 16:00) during the day. At these times, the presence of the sun, in or out, was recorded. In addition, the presence or absence of rain was recorded. The daily mean temperature was obtained from the Meteorological Office in Aydın.
Two experiments were designed to determine the effect of the EOM and rearing system on performance and carcass characteristics of slow-growing broiler chicks under the seasonal conditions of autumn and spring. In each experiment, the data were analysed as a randomized complete block design with eight treatments arranged factorially, and the main effects (rearing system and EOM) and the interactions between these variables were tested by ANOVA using the GLM procedure of the SAS Institute (SAS, 2001). The dietary treatment means and their interactions with the rearing systems were compared using this form of analysis of variance. Data on feed intake, FCR and mortality were analysed per pen, whereas data on body weight and carcass characteristics were based on individual broilers. Additionally, a non-parametric test using the GLM procedure of the SAS Institute (SAS, 2001) was performed with the season and time of day as factors that affected the number of birds outside. An arc-sin transformation was applied before the percentage values were analysed. Duncan's multiple range test was performed to detect differences among treatments. All differences were considered significant at P <0.05.
Results
The broiler chicken performance parameters, including body weight, feed intake, FCR and mortality, are presented in Table 3 , which shows the results obtained from the autumn and spring trials. In the autumn trial, the rearing system affected all of the performance indices within a high statistical significance (P <0.001) at both 42 and 81 days of age. Organically reared birds gained less body weight with reduced feed intake, but exhibited a lower FCR compared with chicks grown conventionally. However, administering a diet with EOM worsened the FCR at d 42 (P <0.01) and d 81 (P <0.05), but did not influence the body weight and feed intake. A similar growth pattern was observed in the spring trial between days 1 to 42, whereas the body weight, feed intake and FCR were not affected (P >0.05) by rearing or EOM inclusion during the entire experimental period.
No health problems or predation losses were observed. The mortality rate was not influenced by any of the variables examined (P >0.05). The mean overall flock mortality rate was less than 0.75% and 1.1% in the autumn and spring trials (Table 3) . No significant (P >0.05) rearing system x EOM interaction was observed for any of the response criteria studied.
The meat cut carcass yield and percentage weight (i.e. breast, thigh, wing rearing system and back) were not affected by the rearing system or EOM inclusion (P >0.05) (Table 4) . However, the diet supplemented with the EOM increased breast yield in the spring trial (P <0.05), but not in the autumn trial.
The herbage that was available at the end of the experiment was 1896 g and 1043 g in the autumn and spring trials, respectively. Less herbage was available in spring than in autumn (131 vs. 224 g DM per m 2 paddock area) because of higher prevailing environmental temperatures. From these data, the available herbage DM per broiler per day was 14.9 g and 8.78 g in the autumn and spring trials, respectively. The N (% N in the DM) and EE (% EE in the DM) herbage content at the beginning of the experiment were 2.96% and 1.96% in autumn, respectively, and 2.72% and 1.69% in the spring, respectively. The average intake per bird per day over the eight replicates was 0.44 g N and 0.28 g EE in autumn and 0.24 g N and 0.14 EE g in the spring. Herbage intake was not affected by dietary supplementation with EOM. 
Discussion
In autumn, organically grown broiler chicks gained relatively less bodyweight, with approximately 8% less feed intake, but yielded a lower FCR than their indoor counterparts. This may be because organically reared birds in the autumn trial spent more time outdoors (Figure 1 ). In autumn, birds went outside 30% more on average on both cloudy and sunny days than the birds in the spring. This may have promoted pasture intake and ultimately caused lower feed mixture consumption than in the spring. Another reasonable explanation for the reduction in feed intake observed in the organic system is that birds may have fulfilled their nutrient requirements with less feed mixture because of the additional nutrients derived from pasture intake.
Unlike the autumn conditions, chicks benefited less from the range area in the spring. Specifically, the number of birds outdoors decreased under bright sunlight at 1:00. In addition to this limited outdoor access, the short and sparse plant cover because of high temperatures towards the end of July may have caused the inefficiency of organically grown spring chicks. In this study, the pasture, which consisted of a lucerne and trifolium mixture, was available for consumption outdoors throughout the autumn and spring trials. It was estimated that broilers grown in autumn could obtain up to 0.44 g N per day (2.75 g of protein) and 0.28 g EE per day from the herbage. An average daily intake per broiler of 25.6 g of crude protein and 9.53 g EE by feed mixtures were calculated for the entire experiment. The broilers received up to 10.7% and 2.9% of their daily protein and crude oil requirements, respectively, from the concentrates. Available pasture intake, in addition to basal feed mixture, may promote the improvement of the FCR, thereby supplying extra nutrient intake. In agreement with these findings, Rivera-Ferre et al. (2006) reported that broilers could obtain up to 2.41 g protein from 10.7 g DM uptake per day from the herbage. Their study was the first attempt to estimate the amount of ingested herbage from free-ranging broilers in a lucerne-clover pasture. The results of several other related works agree with our findings. Fanatico et al. (2005) reported that pasture may contribute to nutrient intake, particularly if it is designed for poultry. Ponte et al. (2008) reported that differences in cereal-based feed consumption levels may be related to the composition or the levels of pasture intake, or both. Bassler et al. (2000) suggested that broilers' nutritional requirements that are supplied in an outdoor range differ widely and depend mainly on time of the year, quality and utilization of the range, which agrees with the present findings. However, in contrast with those research findings and assumptions, several researchers (Castellini et al., 2002b; Owens et al., 2006; Wang et al., 2009) have reported that the growth rate and feed efficiency of organic and free-range birds were poorer because of their increased mobility and less resting time, which increased the maintenance energy requirement. Extreme temperatures were also responsible for the deterioration in productive performance in birds with outdoor access. Other studies (Fanatico et al., 2005; Ponte et al., 2008; Mikulski et al., 2011) reported that outdoor access did not affect weight gain, feed intake or feed efficiency in slow-growing broilers with outdoor access. These discrepancies could be explained by the high general variation in an outdoor rearing system, such as herbage unavailability, bird density in the outdoor area, bird genotype and the season.
Few published studies have assessed the role of season, which could substantially affect growth, pasture quantity and quality, as well as the welfare of birds with outdoor access. Unfortunately, the design of our experiment was not able to test the significance of the difference between the two seasons because the work was not repeated in subsequent years. In one of the recent rare examples (Rack et al., 2009) , performance variables of organically reared birds were significantly affected by season and feeding management (i.e. choice feeding and lack of a methionine supplement). In the present study, environmental conditions in the spring and autumn trial periods were rather different, especially in the mean and maximum temperatures. The spring study period (10 April to 3 July) harboured higher temperatures than late spring or early summer. As could be expected, birds reared in the spring exhibited inferior performances and a lower feed intake, bodyweight and FCR compared with those grown in autumn, probably because of the detrimental effect of heat stress on appetite.
In the present study, the effect of the rearing system on the meat cut carcass yield and the percentage weight (i.e. breast, thigh, wing and back ) was insignificant (Table 5) , which agrees with the findings of other researchers (Fanatico et al., 2005; Wang et al., 2009; Mikulski et al., 2011) . Additional nutrient intake in the organic system via pasture intake resulted in improved FCE, but not meat yield. Our findings support recent results (Mikulski et al., 2011) that indicated that measurements such as carcass yield and breast and thigh meat yield from the same breed (Hubbard Red JA) did not differ between birds reared in confinement and those grown with outdoor access. The assumption that the rearing system and pasture intake may affect overall carcass quality (Gordon & Charles, 2002) was disproved in this and other related studies.
Essential oil mixture supplementation yielded conflicting responses, either detrimental or slightly improved, in chick performance indices in the autumn and spring trials. No clear reason could be deduced for this disparity. The effectiveness of dietary essential oil can be affected by numerous factors, including nutritional status, diet composition and exposure to environmental temperatures (Giannenas et al., 2003; Botsoglou et al., 2004; Lee et al., 2004) . Broilers may not respond to the EOM when they are exposed to optimal environmental temperatures near the thermo-neutral zone for birds (20 to 24 ºC) that prevailed in autumn in this study. However, in the spring, the heat stress conditions and plant bio-actives might facilitate the birds' ability to cope with depressive physiological changes caused by high environmental temperatures. Indeed, the interactions between the environmental challenges, phytogenic substances, diet composition and performance are complex, and despite excellent reviews on mode of action of essential oils (Brenes & Roura, 2010; Wallace et al. 2010) , there is still a dearth of experimental studies with extensive discussion of these aspects.
An impressive number of publications have described the promoter effect of EOs on growth and benefits on feed conversion efficiency in fast-growing, conventionally managed broiler chickens (Alçiçek et al., 2004; Windisch et al., 2008; Bozkurt et al., 2012a; Küçükyılmaz et al ., 2012) . The increased bodyweight and decreased FCR in response to dietary EOM observed in the spring trial are consistent with these research findings. However, they contradict a Waldenstedts (2003) report which observed that an oregano organic compound supplement did not influence the live weight, feed intake and FCR in organic broiler production using fast-growing broilers slaughtered at 55 days of age.
There were no meat yield benefits, except for thigh meat, in the spring season with a diet supplemented with an EOM. The overall findings demonstrated that feeding plant bio-actives to slow-growing broiler chickens does not display potential to increase meat yield, which remains true, regardless of the rearing system (organic vs. conventional). In accordance with our findings, some earlier studies reported no increases in carcass yield in broiler chickens fed diets with various essential oils (Basmacıoğlu et al., 2004; Jamroz et al., 2005; Çabuk et al., 2006) .
Conclusions
Organically rearing slow-growing broiler chicks with pasture intake benefited profitable chicken meat production compared with their counterparts that were conventionally grown in confinement. However, such efficacy depends to a large extent on seasonal conditions at the sub-tropical zone, particularly at high environmental temperatures, and on the availability of adequate pasture intake. Our results suggest that seasonal autumn conditions, in which cooler temperatures prevailed and the herbage intake was at the upper limit, are favourable for efficient organic chicken production. Our experience with feeding plant essential oils to slow-growing chicks did not validate the assumption that phytogenic compounds may increase growth performance indices and carcass yield.
